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Introduction

40
Every year from about June to October over the southeast (SE) Atlantic, the prevailing 41 easterly winds in the free troposphere often transport the smoke and pollution aerosols 42 from the African continent to the west, over the ocean where extensive marine boundary 43 layer (MBL) clouds persist for most of the year [Adebiyi and Zuidema, 2016] . This leads 44 to a near-persistent seasonal biomass burning aerosol layer over MBL clouds in SE 45
Atlantic [Devasthale and Thomas, 2011; Zhang et al., 2016] . 46
As summarized in Yu and Zhang [2013] instruments onboard NASA's A-train satellite 47 constellation provide valuable observations of the aerosol layer and underlying clouds. In 48 particular, the lidar on the space-borne mission CALIPSO provides unique observations 49 of the vertical distribution of the aerosol layer that have been widely used to characterize 50 the aerosol layer above cloud over SE Atlantic [Chand et al., 2008; Yu et al., 2010; 51 Devasthale and Thomas, 2011; Meyer et al., 2013] and assess its impacts on the radiation 52 budget [Chand et al., 2009; Zhang et al., 2016] . 53 54
The seasonally transported SE Atlantic aerosol layer can influence the regional radiative 55 energy budget through the direct radiative effect (DRE) [Chand et al., 2009; Zhang et al., 56 2016] . The absorption by aerosol layer can also influence the thermodynamical structure 57 of lower atmosphere and in turn change cloud field, which is known as the semi-direct 58 effect [Johnson et al., 2004; Wilcox, 2010; Sakaeda et al., 2011; Wilcox, 2012] . The sign 59
and magnitude of the semi-direct effect are strongly dependent on the vertical distribution 60 of aerosol with respect to the underlying clouds [Johnson et al., 2004] . In addition to 61 DRE and semi-direct effect, the aerosol particles could be entrained into the clouds and 62 activated as cloud condensation nuclei, giving rise to the so-called aerosol indirect effects 63 [Costantino and Bréon, 2010; Painemal et al., 2015] . Intuitively, the closer the 64 bottom of the aerosol layer gets to the top of underlying cloud, the more likely the aerosol 65 particles are entrained into the cloud. Previous studies have used the 532 nm observations 66 from the CALIPSO lidar to estimate the distance from the aerosol layer bottom to the 67 cloud top (referred to hereafter as AB2CT distance for short In this study, we seek to shed new light on the vertical distribution of the SE Atlantic 98 absorbing aerosol layer with respect to the underlying clouds using observations from 99 NASA's CATS mission. Because of instrument and algorithm differences, CATS ACA 100 retrieval suffers much less from the laser saturation-induced bias than CALIOP 532nm 101 algorithm. We do a comparative analysis of CATS and CALIOP retrievals in the SE 102
Atlantic region for two recent biomass burning seasons (2015 and 2016). As shown in the 103 letter, the CATS 1064nm observations suggest that bottom of the ACA layer is much 104 lower, and therefore closer to underlying cloud top, than previously estimated based on 105 CALIOP 532nm observations. Our results are important for future studies of the 106 microphysical indirect, as well as the semi-direct, effects of ACA on underlying clouds. 107
Data
108
The occurrence frequency of above-cloud-aerosol in the SE Atlantic (20W to 20E; 30S to 109 10N) is highest during July-to-October (JASO) with the peak during August-September 110 [Zhang et al., 2016] . In this study, we focus on the two biomass burning seasons (JASO) 111 of 2015 and 2016 so that we can directly compare CALIPSO and CATS ( Figure 1 ). 112
CALIOP
113
The lidar instrument onboard the CALIPSO mission, which has an orbital height of ~700 114 km, is the Cloud-Aerosol Lidar with Orthogonal Polarization (CALIOP). CALIOP 115 directly measures the range-resolved total (particulate plus molecular) attenuated 116 backscatter signal at two wavelengths, 532nm and 1064nm, using analog detection. In 117 addition to the total attenuated backscatter, CALIOP also measures two orthogonal 118 polarized components of the 532nm-backscatter signal [Winker et al., 2009] 
Results
197
We have used the following criteria to identify ACA columns in both CALIOP and 198 CATS layer products: (1) the cloud layer product identifies liquid phase cloud at the top 199 layer of the profile; (2) the aerosol layer product identifies at least one layer of aerosol in 200 the profile; (3) the base height of at least one aerosol layer is higher than the top of the 201 highest cloud layer. observes a larger CF during nighttime than during daytime, which is likely a result of the 222 strong cloud diurnal cycle in the SE Atlantic region [Min and Zhang, 2014] . The other 223 differences may stem from algorithm and instrument differences. For example, the lower 224 ACA_F using daytime CALIOP might be an artifact due to the impact of background 225 solar noise on the lidar retrieval [Liu et al., 2015] . 226 227
Overall, the results in Figure 2 suggest that, despite some minor differences, CALIOP 228 and CATS observe similar geographical patterns of ACA in the SE Atlantic. We now 229 focus on the vertical distribution of aerosol and cloud from the two instruments. heights from all three datasets show a similar pattern, lowest off the coast of Namibia 234 (near 20S and 10E) and gradually increasing along the northwest direction to about 2km 235 around 5S and 15W. In contrast to the similarity of cloud top height, the mean ACA base 236 height from the three datasets show significant differences. ACA base height from 237 daytime CALIOP observations is much higher than nighttime CALIOP, which is in turn 238 higher than nighttime CATS. As a result, the AB2CT distance from nighttime CATS is 239 below 500m in most of the SE Atlantic region, suggesting that the aerosol layer extends 240 close to the cloud top. On the other hand, a clear separation between aerosol base and 241 cloud top during both daytime and nighttime is implied by the CALIOP data, a likely 242 result of the abovementioned CALIOP ACA layer detection issues. 243 244
We analyzed the AB2CT distances from the three observations further in Figure 4 . Here, 245
we show the Cumulative Density Function (CDF) of the AB2CT distance for the 246 sampling-masked ACA cases of Fig. 3 . According to CATS nighttime 1064 nm 247 observations (red curve), about 60% of ACA cases are identified as CEAL (i.e., 248 AB2CT<360m), in contrast to only 15% and 6% occurrence of such cases in CALIOP 249 532nm nighttime (blue curve) and daytime (green curve) observations, respectively. 250
Moreover, 82% and 64% of ACA cases have AB2CT>1 km according to the daytime and 251 nighttime CALIOP 532nm observations, respectively, in contrast to 22% according to 252 CATS observations. 253 254 Figure 
Summary and Discussion
278
The microphysical indirect effects of the seasonal transported aerosols in the SE Atlantic 279 are often overlooked in the literature. This is partly because CALIOP's 532nm-based 280 operational layer detection algorithm often detects the aerosol layer bottom too high and 281 thereby suggests that the above-cloud aerosol layer is well separated from the underlying 282 clouds. The newly launched CATS mission provides a new dataset of the vertical 283 distribution of aerosol and clouds. Several instrument and algorithm advantages of 284 CATS, chiefly among which is the primary use of 1064 nm for layer detection, allows it 285 to better identify the full vertical extend of the SE Atlantic ACA layer than CALIOP 286 532nm product. We have compared the current CATS and CALIPSO products during 287 JASO of 2015 and 2016 over the SE Atlantic. The CF, ACA_F and cloud top 288 geographical patterns from the two instruments agree well. However, CATS 1064nm 289 observes the ACA layer bottom height much lower and much closer to the underlying 290 cloud top than CALIOP 532nm does. According to CATS, about 60% of the ACA cases 291 have an AB2CT<360m, in contrast to the 15% and 6% based on CALIOP nighttime and 292 daytime 532nm observations, respectively. 293 294
Our study provides direct evidence that space-based lidar layer detection at 1064 nm is 295 more representative of the true ACA scene compared to 532 nm. More importantly, our 296 study suggests that the occurrence of aerosol entrainment into clouds might be much 297 more frequent than previously thought based on CALIOP 532nm observations. This 298 implies that the microphysical indirect effects could be an important mechanism through 299 which the transported aerosol influences the clouds and radiation in SE Atlantic region. 300
Finally, an accurate measurement of the vertical distribution of aerosols would also help 301 us better understand the semi-direct effects of the smoke aerosols. 
